We studied for the first time, the volatile compounds in the Lysimachia clethroide Duby by using head space solid phase microextraction (HS-SPME) coupled with gas chromatography-mass spectrometry (GC-MS). The results showed that 14 compounds were identified from the stem of L. clethroides, 13 compounds were identified from the leaves, and 16 compounds from the flowers. 8 compounds were mutual components, accounting for 92.99, 94.59 and 90.32% of the identified components in stem, leaves and flowers, respectively. Limonene was the main compound in the three parts, and the contents were up to 52.59, 54.57 and 44.98%, respectively. These showed that the volatiles had not much difference in the three parts; maybe the three parts have the same medicinal effect, and could provide certain theoretical basis for further development and utilization.
INTRODUCTION
Lysimachia clethroides Duby, belonging to the Primulaceae family, is found in mild region of northeast China, southwest and other east provinces. Korea and Japan also has distribution (Guo et al., 1995) . Phytochemical research showed that the genus Lysimachia has flavonoids, saponins andorganic acid (Kitagawa et al., 1967; Yasukawa and Takido, 1986; Kim et al., 1993) . Pharmacological investigations showed that the flavonoids in the genus Lysimachia can eliminate the superoxide radical and hydroxyl radical (Zhang et al., 1999; Beate, 2001) . Triterpenoid saponins in the genus has immunoregulation, anti-tumor and anti-fungal effects (Xu et al., 2004) .
In recent years, reports on L. clethroides are few, no research has so far been conducted concerning the chemical constituents of essential oil of L. clethroides. In order to identify the chemical constituents of the essential oil in the stem, leaves and flowers of L. clethroides, and to illuminate the difference among them, the present *Corresponding author. E-mail: fudeshang@henu.edu.cn. study was undertaken. This paper reports the components in the essential oil of L. clethroides using the HS-SPME technique subsequently analysed by GC-MS for the first time.
MATERIALS AND METHODS

Plant and extract preparation
Air-dried plants of L. clethroides were collected in Guizhou, China, in June 2010, and identified by Professor Deyuan Chen (Guiyang College of Traditional Chinese Medicine). Voucher specimen was deposited in the Institute of Chinese Materia Medica, Henan University. By manual SPME holder together with 5 ml vials and Polydimethylsiloxane-Divinylbenzene (PDMS-DVB) fibers (Supelco Inc. Bellefonte, USA) volatiles were extractacted from stem, flowers and leaves of L. clethroides. The stem, leaves and flowers powders about 0.7 g were placed in 5 ml vials, then the SPME fiber was exposed in the upper space of the sealed vial for 30 min at 80ºC to adsorb the analytes. After that, the fiber was withdrawn and directly inserted into the GC-MS inlet to desorb the volatiles for 1 min.
Determination conditions
The volatiles were analyzed by HS-SPME-GC-MS. Analysis was carried out using an Agilent 6890 N gas chromatograph equipped with a capillary column HP-5 MS (5% phenylmethylsiloxane, 30 m × 0.25 mm, film thickness 0.25 µm, Agilent Technologies, USA) and coupled with a 5975B mass selective detector spectrometer from the same company.
GC conditions
The temperature of front inlet was kept at 250ºC in split-less mode. The temperature program was as below: the initial column temperature was 50ºC (held at 50ºC for 1 min), and then programmed to 120ºC at a rate of 3ºC min -1 (held at 120ºC for 2 min); finally programmed to 210ºC at a rate of 4ºC min -1 (held at 210ºC for 10 min). Helium was used as a carrier gas with flow rate of 1.0 ml min -1 .
MS conditions
The MS detector was used in the EI mode with an ionization voltage of 70 eV. The ion source temperature was at 230ºC. The transfer line was at 280ºC. The spectra were collected at 3 scans/s over the mass rang (m/z) 30 to 440. Retention indices were calculated by using the retention times of n-alkanes (C8 to C26 alkanes) that were injected at the same chromatographic conditions. The compounds were identified by comparing their relative retention indices and computer matching with the WILEY275.L library. The volatiles (Table 1 and Figures 1 to  3) were identified by comparison of their linear retention indices that were relative to C8 to C26 alkanes on the DB-5MS column and mass spectra with authentic standards, as well as standards from RTLPEST 03.L and NIST 05.L. The percentage composition of the volatile was computed from the GC peak areas normalization without any corrections (Kang et al., 2011) .
RESULTS
The volatiles in the stem, flowers and leaves of L. clethroides are presented in Table 1 and Figures 1 to 3 . Fourteen compounds in the stem were identified, which comprised 99.35% of the volatile fraction. The main volatile components in the stem were limonene (52.59%), citral A (13.38%), citral B (10.68%), β-myrcene (6.16%). Thirteen compounds in the leaves were identified, which comprised 99.99% of the volatile fraction. The main compounds were limonene (54.57%), citral A (14.00%), citral B (11.18%), β-myrcene (6.32%). Sixteen compounds were identified from the flowers, and the main compounds were the same with both the stem and leaves. And the contents were 44.98, 15.11, 11.82 and 4.95%, respectively. Some main compounds, such as Afr. J. Pharm. Pharmacol. limonene, citral A, citral B, β-myrcene, 1R-α-pinene,camphene, linalooland caryophyllene were mutual in leaves, stem and flowers, accounting for 92.99, 94.59 and 90.32% of the identified components, respectively. Limonene was the highest content compound in the three samples.
DISCUSSION
In Limonene, colorless liquid, which has lemon fragrance, can be wildly used in food spice. So, it is considered that both of the two ingredients are the main fragrance of the flowers, and can be the spice sources. Limonene, a natural and functional monoterpene, is used as a flavor and fragrance additive in food widely. Studies from Xuemei Wang have shown that limonene had better antimicrobial ability to Saccharomyces sp. and Aspergillus niger than that of potassium sorbate and sodium benzoate (Wang et al., 2010) . Research from Wang (2005) revealed that limonene has a lot of pharmacological effects, such as cough expectorant, antiinflammatory, pain reliever, especially strong anticancer activity. It is wildly used in medicine industry. Therefore, whether limonene is the effective component in suppressing cough and calming panting is required for further study.
